This paper presents the results of long term experiments of four point bending test with structural laminated glass plates. For experiments 6 mm thick annealed Soda-Lime-Silica Glass and three different interlayer laminates were used: Polyvinyl butyral (PVB), Ethylene vinyl acetate (EVA), DuPont's SentryGlas (SG). These types of laminates were chosen because there is a wide range of their possible practical application in buildings' constructions. Bending creep tests were carried out by applying the four point bending test model. Applied dimensions of the laminated glass plates and loading scheme are from the standard EN 1288-3. Three specimens were tested with the same interlayer laminated glass plates. Tests were successively carried out at three temperatures: + 20 0 C, + 30 0 C, + 40 0 C. Every test took 24 hours interval at each temperature, so in total one full experiment took 72 hours with one type of interlayer. The deflections at the middle of specimens, volatile displacement between two glass sheets and longitudinal strains at the middle of the laminated plate were measured. In the paper the comparisons of the experimental results between the glass panels with various laminates and at different temperatures are presented.
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Introduction
In modern architecture the trend to seek high levels of transparency has resulted in the recent construction of many remarkable buildings with glass envelopes. In order to increase this level of transparency even further, the idea has been proposed that part of the primary structure can be made from structural glass as well. To allow this approach, the glass must be able to act as a load-bearing structural element capable providing adequate levels of safety, stability and durability.
The structural behaviour of laminated glass is different from that usually used in design by engineers for structural member made from other building materials. Existing theories used for other types of structures cannot be directly applied to glass structures due to the peculiar properties of this material [1] .
The understanding of the structural performance of laminated glass has made great advances over the past decade. In view of the increasing use of glass as a load-bearing structural element, questions concerning the safety of such structures and the need for the development of procedures to facilitate their safe and economic design have arisen. During the last twenty years numbers of experiments were performed in Europe technical universities, the review on some of those is given in [2] . There were usually investigated the behaviour problems of a single type of structural glass specimens under short term loading [3] . The most of experiments were carried out to ensure continuous production of single glass or single laminates and as well too less result are representing [4] the needs of laminated structural design generalization in different temperatures under long term loading with three glass construction market most used interlayers.
The purpose of this research is to investigate the durability aspects of laminated glass in the framework of long-term tests under different temperatures. The formation of this goal was influenced by approaches of laminated glass supporting conditions that now dominates in engineering practice.
Therefore, in Steel Structures Laboratory (ICOM) of École polytechnique fédérale de Lausanne (EPFL) the attempts to investigate the long term behaviour of structural glass plates with different laminates and at different temperatures were made. All specimens were manufactured by professionals using modern glass laminating equipment at Glassbel Baltic Company.
Materials Used in Research
Test specimens were produced from two 6 mm thick annealed Soda-Lime-Silica glasses; it is the most prevalent type of glass used for windows. The glass panels were laminated each to other with three different interlayer materials: Polyvinyl butyral (PVB), Ethylene vinyl acetate (EVA), and DuPont's SentryGlas (SG).
Typical specimen before test is presented in Figure 1 . The specimen dimensions are: length 1100 mm, width 360 mm and lamination film thickness 1.52 mm. In this research 3 specimens each with 3 laminates (PVB, EVA and SG), totally 9 specimens were tested. 
Laminated Glass Panels with PVB Interlayer
PVB -Poly(vinyl butyral) / Poly[(2-propyl-1,3-dioxane-4,6-diyl)methylene]. Molecular formula (C8H14O2)n. Non chlorinated vinyl was invented in 1930's and is formed by reaction of polyvinyl alcohol with butyraldehyde with further is conducted under heat and pressure. Manufacturing of laminated safety glass panels is one of the main PVB appliances in attempts to achieve strong binding between glasses, optical clarity, toughness and flexibility. Furthermore, PVB has excellent adhesion with many materials such as glass. As well PVB is widely used as a film sandwiched in a safety glass.
In this research project Kuraray Europe GmbH (Germany) "Trosifol" -brand PVB type interlayer [5] was used.
Laminated Glass Panels with EVA Interlayer
EVA -Ethylene vinyl acetate -the copolymer consisting of ethylene and vinyl acetate monomers. The material possesses the characteristics of high tensile strength, excellent transparency, sufficient cohesion, low-temperature toughness, stress-crack resistance, hot-melt adhesive, water proof properties and resistance to UV radiation that allows it to use in the photovoltaic industry as an encapsulation material for silicon cells [6] .
One of the major applications of EVA film is making laminated glass panels requiring safety and also moisture and UV radiation resistance. This lamination film is especially used for decorative glasses when some painted pictures or pattern should be put on it. EVA can be used as a substitute in many applications.
For this research study the Bridgestone Corporation (Japan) "EVASAFE" -brand EVA type interlayer was used.
Laminated Glass Panels with SG Interlayer
SentryGlas (SG) interlayer is a semi-crystalline thermoplastic polymer (ionoplast) sheet material that has been developed by DuPont Company for hurricane, bomb blast, vandalism and burglary resistant laminated glass. This lamination material improves strength and stiffness of laminated glasses for both in the un-fractured and the fractured state of laminated glass compared with usual used interlayer materials [7] .
Technical datasheets of ionoplast interlayer [8] show up the five times greater strength and up to 100 time's greater stiffness properties, and better creep resistance under load and environment action than ordinary laminating polymers such as PVB and EVA. This allows greater safety of bolted connections and free standing glass structures such as balustrades, canopies, glass fins and structural glazed envelopes using all possible fixation methods and technologies.
Test Methods
Long term tests were carried out with the specimens under four-point bending according to European standard [9] . Tests have not been carried out until failure. Deflections at the middle of span, the volatile displacement between glass sheets with different types of interlayer laminates and longitudinal strains were measured. All tests were carried out in a climatic chamber, see Figure 2 . The temperatures: + 20 0 C, + 30 0 C, + 40 0 C were selected based on the climatic chamber technical capabilities and were controlled automatically at the set level. Humidity inside the chamber was always automatically controlled at 50% level for all tests of this research.
The loading model is presented at Figure 3 . The specimens were under constant loading during all 72 h of testing time. The constant loading was 0.512 kN for all glass plates the same, as well including the self-weight of the laminated glass.
Length between the supporting stainless steel rolls is 1000 mm and the distance between upper loading rolls is 200 mm. To avoid stress concentration on glass between glass plate and supporting stainless steel rolls are provided by aluminum strips. As well, rubber strips was replaced to aluminum strips due to rubber deformation during long term loading and temperature effect.
Four-point bending scheme was chosen due to pure bending zone at the middle in the plate instead of the three-point bending scheme where the maximum bending moment is a single point of peak.
Fig. 3. Four point bending test model
Three laminated glass plate specimens with the same interlayer materials were tested: PVB-1, PVB-2, PVB-3 first testing setup; EVA-1, EVA-2, EVA-3 second testing setup; SG-1, SG-2, SG-3 third testing setup. All these three tests setups were placed in the climatic chamber controlling and changing temperature successively every 24 hours. The typical view on the mentioned test setups is presented in Figure 4 . At the middle span of the plate deflections were measured during the all 72 h, see Figure 5 . HBM deflection sensors with ± 0.01 mm tolerance were used for this research. For one plate two deflection sensors were used for more accurate data recording. As well, at the edges of laminated plate volatile displacement between the two glasses sheets were measured by HBM deflection sensors with ± 0.001 mm tolerance, see Figure 6 . All above mentioned testing measurement data were recorded by HBM UPM-100 data recording device. Above mentioned measuring technique recorder at the same time provides calculated average values.
General Results
This paragraph presents the general test results using three different measurement methods mentioned above and with three types of interlayers: PVB, EVA and SG at three different temperatures: + 20 0 C, + 30 0 C, + 40 0 C for 24 h for each temperature, with 72 h in total loading time. A limited loading time was chosen taking into account the duration of this research project.
In Figures 8-10 indicates the recorded data of three laminated glass specimens on the same time of the same interlayer are given.
Results of Measured Middle Span Deflections
Experimental data of middle span deflection recorded for laminated glass plates under constant long-term four points bending (0.1 kNm) are presented in Figure 8 . 
Results of Measured Volatile Displacements
The curves of volatile displacements which values are measured at one side of laminated glass plate's edge are given in Figure 9 . As it is seen, the PVB interlayer starts to slip immediately at constant temperature and constant loading in time from 0 h till 24 h. The displacement average values were increased from 0.12 mm at + 20 0 C until 0.15 mm at + 40 0 C. Behaviour of EVA and SG interlayers is very close to each other and some slight differences reveal when it reached + 40 0 C. Laminated glass with EVA interlayer slightly slips during temperature changes. Behaviour of SG interlayer is the same, but at + 20 0 C there is no at all any slip at the load duration of 24 hours. It starts slip at + 30 0 C temperature and the value is less than 0.001 mm. The highest slip is possible to see at + 40 0 C temperature and the value not more than 0.005 mm. 
Results of Measured Longitudinal Strains
Using recorded longitudinal strain results the tensile stresses using glass Young's modulus value 73 GPa obtained from previous research [10] were calculated. The curves of tensile stresses for the glass plates with PVB, EVA and SG interlayers are given in Figure 10 .
Using Simultaneously three of one type laminated glass plates were tested, but the several tests lasted occasionally longer than 28 h at +20 0 C. For this reason all three interlayers do not match on time, but it does not change the character of curve's behaviour then the temperature is changed.
Comparisons
In Table 1 are given average values taken from curves given in figures 8-10 for average loading time at three different temperatures. The comparative differences are calculated between interlayers: PVB -EVA, PVB -SG and EVA -SG. The percentage deflection differences between PVB and EVA are 57%. Differences between PVB and SG are about 71%. As well, deflection differences between EVA and SG are about 31%.
Volatile displacement differences between PVB and EVA glass plates are 92%. Displacement differences between PVB and SG are about 99%. As well, volatile displacement differences percentage results between EVA and SG interlayers are about 87%.
Tensile stresses differences between PVB and EVA are 31%. The percentage tensile stress differences between PVB and SG are 46%. Between EVA and SG differences of tensile stress are about 22%.
Discussion
The resistance of the laminated glass depends on environmental and loading conditions. The durability of the mechanical properties against environmental influences is also important ensuring the suitability of laminated glass for safe practical design purposes [11] .
For the further experimental researches it could be valuable to carry out the long-term tests which it will be possible to take into account the influence of environmental conditions (high temperature, humidity and UV radiation) as it is regulated by standards [12] . As well, the testing methods presented in this paper for this purpose could be used too. 5. In view relatively good results with EVA interlayer it would be appropriate to conduct further research experiments with other manufacturers' materials.
6. The presented test methodology of measurements (middle span deflections, volatile displacements and longitudinal strains) is appropriate for testing the laminated glass plates affected by the environment conditions.
